The kanchanamycins, a group of novel 36-membered polyol macrolide antibiotics were detected in the culture filtrate and myceliumof Streptomyces olivaceus Tii 4018 by HPLC-diode-array and HPLC-electrospray-mass-spectrometry screening. The compoundsshowantibacterial and antifungal activities, and are especially effective against Pseudomonasfluorescens. Besides the kanchanamycin complex, strain Tii 401 8 produces the 42-membered macrolactones, oasomycin A and desertomycin A, as well as tryptophan-dehydrobutyrine diketopiperazine and daidzein.
In the course of our HPLCscreening we investigated the metabolite diversity of Streptomyces strain Tu 4018 which was isolated from a soil sample collected in Kanchana Buri, Thailand.
Our screening method is based on a two-step strategy. First, culture filtrates, culture filtrate extracts and mycelium extracts were analysed by reversed-phase HPLCand multiwavelength diode array monitoring (HPLC-DAD), followed by identification or characterisation of the resulting chromatographic peaks by our HPLC-UV-Vis database2). Second, samples of those strains which produced presumably novel compounds were analysed by HPLC-ESI-MS from which information on the molecular masses of the metabolites could be obtained. These data permit an efficient search in commercially available databases for the novelty of compounds.
Regarding the HPLC-UV-Visdatabase search results, the secondary metabolite pattern of strain Tu 401 8 could be divided into four different types of compounds.
Type I is composed offour compounds belonging to the group of 36-membered polyol macrolide antibiotics and were namedthe kanchanamycins. The minor congener kanchanamycin C is identical to the recently described AUG. 1996 macrolide antibiotic RS-22A3'4). Type II compounds were identified as the 42-membered macrolactones desertomycin A5) and oasomycin A6). The type III compound was found to be tryptophan-dehydrobutyrine diketopiperazine7), while type IV was identified as the isoflavone, daidzein. Furthermore, in order to examine the biosynthetic capacity and variability of strain Tii 4018, some investigations were made using modified cultivation conditions. This paper deals with the taxonomy of the producing strain, diversity of its secondary metabolites, and the fermentation and isolation of the kanchanamycins. Investigations on structure elucidation are reported in the following paper8).
Taxonomy
The kanchanamycin producing organism, strain Tu 4018, was isolated from a soil sample collected in 
Diversity of Metabolites
The HPLCchromatogram of the mycelium extract of S. olivaceus Tii 4018 is shown in Fig. 1 . The metabolite pattern can be divided into four types of compounds by HPLC-DAD analysis of the culture filtrate and extracts according to their UV-visible spectra (Fig. 2) . Type II consisted of two compounds with retention times of 6.5minutes and 8.1 minutes. The second compound was identified as oasomycin A on the basis of a high degree of spectral matching and retention time with the reference compound. The first compoundhaving a retention time of 6.5minutes was not identified but characterised as an oasomycin-like compound because of its high conformity in spectral matching. HPLC-MS analysis revealed a molecular mass of 1193 which confirmed its identity as desertomycin A. and was the maincomponentunder these conditions. At the same time, the production of kanchanamycin A decreased from 385 mg/liter to 200 mg/liter.
Fermentation and Isolation
Batch fermentations of S. olivaceus Tii 4018 were carried out in 10-liter stirred tank fermenters using a complex mediumthat consisted of mannitol 2% and soybean meal 2%(pH 7.5). Production of kanchanamycins started at about 40hours and reached a maximum after 90hours with a concentration of 385mg/liter of kanchanamycin A in the mycelium (Fig. 4) . The produc- tion course was strongly correlated with the pH value which decreased from pH 8.5 to 5.9 at the production maximum. The addition of polystyrene resin during cultivation did not influence the fermentation course with the exception of the production of the various kanchanamycins. with 0.01% TFA-MeOH gradient elution, resulting in white powders after lyophilisation.
Biological Properties Antimicrobial spectra of the kanchanamycins were examined by an agar plate diffusion assay (Table 3) and minimal inhibition concentrations were determined by a broth dilution method (Table 4) . Kanchanamycins A and D showed only a weak activity against Grampositive bacteria and filamentous fungi and no activity against yeasts, but were distinguished by high activity against P. fluorescens. Kanchanamycin C, on the contrary, demonstrated a very broad activity spectrum similar to azalomycin F. It was effective against Grampositive and Gram-negative bacteria, especially against P. fluorescens, and against yeasts and filamentous fungi.
Discussion
The efficiency of the HPLC-DAD screening technique is increased greatly when complemented with HPLC-MS analysis. The identification of a compound via HPLCDADanalysis and comparison of its retention time and UV-visible spectrum given in the HPLC-UV-Vis database can be ascertained with high reliability.
If the reference compound is lacking for such a prognosis, additional information on the molecular mass of the respective fraction by HPLC-MSenables reliable identification using commercially available databases. The data required for this strategy are obtained from the culture filtrates or raw extracts; no time-consuming isolation procedures of the metabolites are necessary. and RS22A-C4)are characterised by a guanidino moiety. Kanchanamycin Drepresents a natural minor congener produced by S. olivaceus. It is not a side-product formed by methylation of the 17'OH-group during the isolation procedure. The compound can be detected also in ethanolic and butanolic extracts of the mycelium, and in small amounts in the culture filtrate (data not shown).
The biosynthetic capacity of strain Tii 4018 was strongly dependent on the cultivation conditions. Besides the 36-membered polyol macrolide antibiotics, relatively high amounts of the 42-membered macrolactone antibiotics, as well as tryptophan-dehydrobutyrine diketopiperazine and daidzeine were produced using the same fermentation conditions. Addition of the polystyrene resin, Amberlite XAD-16, during the fermentation process resulted in an alteration of the quantitative composition of oasomycin A and desertomycin A, as well as in the members of the kanchanamycin family. It is a well knownphenomenonthat addition of non-ionic polystyrene resins to growing streptomycete cultures may have an influence on the biosynthetic pathways of secondary metabolites19 '20) .
Addition of high amounts of cobalt sulphate during the fermentation process resulted in the production of an antibiotically active fatty acid, (iT)-4-oxonon-2-enoic acid, which will be reported in a separate publication21}.
Due to these results, S.
olivaceus Tii 401 8 can be designated as a biosynthetically talented and variable strain, since it produces different classes of secondary metabolites and shows a diversity in metabolite production depending on the cultivation conditions. Kanchanamycins A and D are characterised by a weak antimicrobial activity spectrum in contrast to kanchanamycinC which was the most active compound.
The biological activity is strongly influenced by the terminal moiety which is urea in the cases of kanchanamycins A and D, and a guanidino residue in the cases of kanchanamycin C and the structural related azalomycin F. The highly basic guanidino moiety is responsible for potent antibiotic activity and broad spectrum, whereas a substitution by urea reduced both activity and antimicrobial spectrum.
Experimental

Microorganisms
Strain Tu 4018 was isolated from a soil sample collected in Kanchana Buri, Thailand, and identified according to Hutter10) and Shirling & Gottlieb22) as a strain of S. olivaceus. It is deposited in the culture collection of our institute. The standard strains for testing the biological activity spectrum were obtained from the stock collection of our laboratory, ATCCand CBS.
Fermentation S. olivaceus Tii 4018 was cultivated in a 10-liter fermenter (Biostat E; B. Braun, Melsungen) using a production medium consisting of: mannitol 2% and soybean meal 2% in tap water (pH 7.5, adjusted with 1 n HC1). The fermenter was inoculated with 5vol-% of shaking cultures grown for 48hours in 500-ml Erlenmeyer flasks with one buffle on a rotary shaker at 120 rpm and 27°C in the same medium. For production of kanchanamycin A, the fermentation was carried out at 27°C for 90hours with an aeration rate of0.5 v/v/m and an agitation rate of 500rpm. Kanchanamycin C production was selectively increased to become the main component when the 10-liter fermenter was supplemented after 36 hours of inoculation with l kg of Amberlite XAD-16 suspended in 1.2 liters water. The polystyrene resin was sterilised in an autoclave for 20minutes at 120°C.
Isolation
Hyflo Super-eel (2%) was added to the fermentation broth which was separated by multiple sheet filtration into culture filtrate and myceliumcake. The kanchanamycins were located in both fractions. The culture filtrate was passed through an Amberlite XAD-16 column (10% resin volume relating to culture filtrate volume). Impurities were washed out with H2O-MeOH(60+40) and the kanchanamycins were desorbed with H2O-MeOH(20+80). The mycelium was extracted twice with EtOH, combined with the XADeluate and concentrated in vacuo.
In case of XAD-resin fermentation, the culture filtrate was discarded and the XAD-mycelium cake was extracted three times with ethanol and concentrated in vacuo.
The aqueous residue was adjusted to pH 4.5 and extracted twice with 1-butanol. After concentration of the organic extract to dryness, the residue was dissolved Biological Assays Anagar-plate diffusion assay was used to determine the antibacterial spectra of the kanchanamycins. The test solutions were applied to filter discs (6mmdiameter) and the test plates were incubated for 24hours at 37°C. A broth dilution method was used to determine the minimal inhibition concentrations of the kanchanamycins. The antibiotics were dissolved in DMSO,giving DMSO concentrations in the cultures of not more than 5%. The bacteria were grown in nutrient broth 0.8% and NaCl 0.5% prepared in tap water; yeasts and filamentous fungi were grown in malt extract 1%, glucose 0.4% and yeast extract 0.4% in tap water (pH 5.5). 106 Cells/ml and spores/ml, respectively, were used as inoculum of the complex media and growth inhibition wasevaluated after incubation for 24 and 48hours at 27°C and 37°C, respectively, on a rotary shaker. 
